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(54) Positive resist composition and pattern formation method using the same 



(57) A positive resist composition which can be suit- 
ably used in an ultramicrolithography process such as 
production of VLSI or high-capacity microchip and in 
other photofabrication processes and can ensure good 
sensitivity, resolution, pattern profile and line edge 
roughness when irradiated with actinic rays or radiation, 
particularly, electron beam, X-ray or EUV; and a pattern 
formation method using the composition, are provided, 
the positive resist composition comprising (A) a resin 



comprising a specific acryl-based repeating unit and a 
specific styrene-based repeating unit, which increases 
the dissolution rate in an alkali developer by the action 
of an acid, (B) a compound capable of generating an 
acid upon irradiation with actinic rays or radiation, and 
(C) a solvent; and a pattern formation method using the 
composition. 
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Description 

Background of the Invention 

1 . Field of the Invention 

[0001] The present invention relates to a positive resist composition sensitive to far ultraviolet ray, which is used for 
fine processing of a semiconductor device or the like. More specifically, the present invention relates to a positive resist 
composition for exposure with electron beam, X-ray or EUV. 

2. Background Art 

[0002] The integration degree of integrated circuits is recently becoming higher and higher and in the production of 
a semiconductor substrate such as VLSI, an ultrafine pattern having a line width of half-micron or less is demanded. 
[0003] Non-Patent Document 1 : Proc. SPIE, Vol. 2483, page 53 (1 995) discloses a positive resist composition con- 
taining a copolymer of hydroxystyrene and tert-butyl acrylate, and Patent Documents 1 to 3: JP-A-1 0-53621 (the term 
"JP-A" as used herein means an "unexamined published Japanese patent application"), JP-A-2002-323768 and JP-A- 
2003-1 77537 disclose a positive resist composition containing an acid-decomposable polyhydroxystyrene. Patent Doc- 
ument 4: JP-A-2003-322970 discloses a resist comprising a copolymer containing oc-hydroxyacrylate-based monomer 
and hydroxystyrene. 

[0004] However, along with the requirement for enhanced performance, these resists comprising a resin having an 
aromatic ring suitable for lithography by electron beam or the like, such as styrene skeleton, are demanded to be more 
improved, for example, in the sensitivity, resolution, pattern profile and line edge roughness. 

Summary of the Invention 

[0005] Accordingly, an object of the present invention is to provide a positive resist composition which can be suitably 
used in an ultramicrolitliography process such as production of VLSI or high-capacity microchip and in other photofab- 
rication processes and can ensure good sensitivity, resolution, pattern profile and line edge roughness when irradiated 
with actinic rays or radiation, particularly, electron beam, X-ray or EUV. 

[0006] As a result of intensive studies on the constituent materials of a chemical amplification-type positive resist 
composition, the present inventors have found that the object of the present invention can be attained by the following 
constitutions. The present invention has been accomplished based on this finding. 

1 . A positive resist composition comprising: 

(A) a resin comprising a repeating unit represented by formula (I) and a repeating unit represented by formula 
(II), the resin increasing the dissolution rate in an alkali developer by the action of an acid; 

(B) a compound capable of generating an acid upon irradiation with actinic rays or radiation; and 

(C) a solvent: 



X R, 

i 
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. CH 2 



(I) 




0=C 



O — R 2 



wherein R 1 represents a hydrogen atom or a hydrocarbon group, R 2 represents a hydrocarbon group, and X 
represents a single bond or a carbonyl group; 
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(II) 



'OR, 



wherein R 3 represents a hydrogen atom, a methyl group or a halogen atom, and R 4 represents a hydrogen atom 
or a hydrocarbon group which may have a heteroatom, 

provided that at least one of R 2 and R 4 is a group capable of decomposing by the action of an acid. 

2. The positive resist composition as described in the item 1 , wherein R 2 in formula (I) is any one of the following 
formulae (pi) to (pV): 
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wherein represents a methyl group, an ethyl group, an n-propyl group, an isopropyl group, an n-butyl group, 
an isobutyl group or a sec-butyl group, 

Z represents an atomic group necessary for forming an alicyclic hydrocarbon group together with the carbon 

atom, 

R 12 to R 16 each independently represents a linear or branched alkyl group having from 1 to 4 carbon atoms 
or an alicyclic hydrocarbon group, provided that at least one of R 12 to R 14 and either one of R 15 and R 16 represent 
an alicyclic hydrocarbon group, 

R 17 to R 21 each independently represents a hydrogen atom, a linear or branched alkyl group having from 1 
to 4 carbon atoms or an alicyclic hydrocarbon group, provided that at least one of R 17 to R 21 represents an alicyclic 
hydrocarbon group and that either one of R 19 and R 21 represents a linear or branched alkyl group having from 1 
to 4 carbon atoms or an alicyclic hydrocarbon group, 

R 22 to R 25 each independently represents a linear or branched alkyl group having from 1 to 4 carbon atoms 
or an alicyclic hydrocarbon group, provided that at least one of R 22 to R 25 represents an alicyclic hydrocarbon 
group, and R 23 and R 24 may combine with each other to form a ring. 

3. The positive resist composition as described in the item 1 or 2, wherein R 4 in the formula (II) is a group repre- 
sented by the following formula (A): 



H 
I 

-c- 



(A) 



wherein L represents a hydrogen atom, an alkyl group, a cycloalkyl group or an aralkyl group, Z represents an 
alkyl group, a cycloalkyl group, an aralkyl group or an aryl group, and Z and L may combine with each other to 
form a 5-or 6-membered ring. 

4. The positive resist composition as described in the item 3, wherein Z in the formula (A) represents a cycloalkyl 
group, an aralkyl group, or an alkyl group having a cyclic carbon structure as a substituent. 

5. The positive resist composition as described in the item 1 or 2, wherein R 4 in the formula (II) is a tertiary alkox- 
ycarbonyl group, a tertiary alkoxycarbonyl alkyl group, a tertiary alkyl group or a group represented by the following 
formula (B): 




wherein R 5 and R 6 each independently represents a hydrogen atom or an alkyl group, R 7 represents an alkyl 
group, a cycloalkyl group, an aryl group or an aralkyl group, W represents a single bond or a divalent organic 
group, and Y represents a single bond, -O-, -C0 2 -, -OCO-, -CO-, -S- or -S0 2 -. 

6. The positive resist composition as described in any one of the items 1 to 5, wherein the substitution position of 
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-OR 4 in the formula (II) is the para-position of the benzene ring. 

7. The positive resist composition as described in any one of the items 1 to 6, wherein the resin (A) further comprises 
a polyhydroxystyrene repeating unit. 

8. The positive resist composition as described in any one of the items 1 to 7, wherein when -COOR 2 in formula 
(1) is an acid-decomposable group, R 4 in formula (II) is a hydrogen atom. 

9. The positive resist composition as described in any one of the items 1 to 7, wherein when -OR 4 in formula (II) 
is an acid-decomposable group, the resin (A) further comprises a polyhydroxystyrene repeating unit. 

1 0. The positive resist composition as described in any one of the items 1 to 9, wherein the solvent (C) is a mixed 
solvent containing a solvent of the following Group A and at least one solvent selected from the following Groups 
B and C: 

Group A: propylene glycol monomethyl ether acetate, 

Group B: propylene glycol monomethyl ether, and ethyl lactate, 

Group C: y-butyrolactone, and propylene carbonate. 

11 . The positive resist composition as described in any one of the items 1 to 9, wherein the solvent (C) is a mixed 
solvent containing a solvent of the following Group D and at least one solvent selected from the following Groups 
E and F: 

Group D: 2-heptanone, 

Group E: propylene glycol monomethyl ether, ethyl lactate, and butyl acetate, 
Group F: y-butyrolactone, and propylene carbonate. 

12. The positive resist composition as described in any one of the items I to 11, which further comprises (D) a 
surfactant. 

13. The positive resist composition as described in any one of the items 1 to 12, which further comprises (E) an 
organic basic compound. 

14. A pattern formation method comprising: forming a resist film from the positive resist composition described in 
any one of the items 1 to 1 3; irradiating electron beam, X-ray or EUV on said resist film; and developing said resist 
film with an alkali developer. 

[0007] By using the positive resist composition of the present invention, a good pattern can be formed with good 
sensitivity and good resolution by the irradiation of actinic rays or radiation, particularly, electron beam, X-ray or EUV. 

DETAILED DESCRIPTION OF THE INVENTION 

[0008] The components for use in the present invention are described in detail below. 

[0009] In the present invention, when a group (atomic group) is denoted without specifying whether substituted or 
unsubstituted, the group includes both a group having no substituent and a group having a substituent. For example, 
an "alkyl group" includes not only an alkyl group having no substituent (unsubstituted alkyl group), but also an alkyl 
group having a substituent (substituted alkyl group). 

[1] (A) Resin of which dissolution rate in an alkali developer increases by the action of an acid 

[001 0] The resin (A) is a resin comprising a repeating unit represented by formula (I) and a repeating unit represented 
by formula (II), of which dissolution rate in an alkali developer increases by the action of an acid (acid-decomposable 
resin). 

[0011] The repeating unit represented by formula (I) is described below. 
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wherein R 1 represents a hydrogen atom or a hydrocarbon group, R 2 represents a hydrocarbon group, and X represents 
a single bond or a carbonyl group. 

[0012] Examples of the hydrocarbon group of R 1 and R 2 include an alkyl group (preferably having from 1 to 20 carbon 
atoms) which may have a substituent, or a cycloalkyl group (preferably having from 3 to 20 carbon atoms) which may 
have a substituent. The alkyl group may have a heteroatom such as oxygen atom in its chain. Examples thereof include 
a methyl group, a linear or branched propyl group, a linear or branched butyl group, a linear or branched pentyl group, 
a linear, branched or cyclic hexyl group, adamantyl, norbornyl, butyrolactone, cyclohexane lactone and norbomane 
lactone. 

[0013] Examples of the substituent which may be substituted to the alkyl group of R 1 and R 2 include a carboxylic 
acid group and an oxo group. 

[001 4] The monomer corresponding to the repeating unit represented by formula (I) can be synthesized, for example, 
starting from a corresponding acryl compound by the method described in Adhesion Technology, Japan , Vol. 14, No. 
4, Consecutive Volume No. 37, page 2, The Adhesion Society of Japan (1995). 

[001 5] Specific examples of the repeating unit represented by formula (I) are set forth below, but the present invention 
is not limited thereto. 
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[0016] The resin (A) also contains a repeating unit represented by formula (II): 



i 3 

— f-CH 2 C-)— 




(ID 



'OR 4 



wherein R 3 represents a hydrogen torn, a methyl group or a halogen atom, and R 4 represents a hydrogen atom or a 
hydrocarbon group which may have a heteroatom. The substitution position of -OR 4 is preferably the para-position. 
[0017] The hydrocarbon group of R 4 , which may have a heteroatom, is preferably a hydrocarbon group having from 
1 to 10 carbon atoms and examples thereof include an alkyl group, a cycloalkyl group, an aralkyl group, an aryl group, 
an acyl group, an acyloxy group, an alkylsulfonyl group and an arylsulfonyl group. 

[0018] The resin (A) is a resin of which dissolution rate in an alkali developer increases by the action of an acid, and 
contains a group capable of decomposing by the action of an acid and becoming alkali-soluble (acid-decomposable 
group). This acid-decomposable group is present at least in either one of the repeating unit of formula (I) and the 
repeating unit of formula (II) but may be additionally contained in other repeating units. 

[0019] In the case where the repeating unit of formula (I) contains the acid-decomposable group, the hydrocarbon 
group of R 2 constitutes the acid-decomposable group in the form of COOR 2 in formula (I). 

[0020] In the case where the repeating unit of formula (II) contains the acid-decomposable group, the hydrocarbon 
group of R 4 constitutes the acid-decomposable group in the form of OR 4 in formula (I). 

[0021] Examples of such an acid-decomposable group include groups represented by -COOA 0 and -O-B 0 , and ex- 
amples of the group containing such a group include groups represented by -R°-COOA° and -Ar-O-B 0 . 
[0022] In these formulae, A 0 represents -C(R 01 )(R 02 )(R 03 ), -Si(R 01 )(R 02 )(R 03 ), -C(R 04 )(R 05 )-O-R 06 or a lactone 
group, and B° represents -A 0 or -CO-O-A 0 . 

[0023] R 01 , R 02 , R 03 , R 04 and R 05 , which may be the same or different, each represents a hydrogen atom, an alkyl 
group, a cycloalkyl group, an alkenyl group, an aralkyl group or an aryl group, R 06 represents an alkyl group, a cyclic 
alkyl group or an aryl group, provided that at least two of R 01 to R 03 and at least two of R 04 to R 06 are a group other 
than a hydrogen atom and that two groups out of R 01 to R 03 and out of R 04 to R 06 may combine to form a ring, R° 
represents a single bond or a divalent or greater valent aliphatic or aromatic hydrocarbon group which may have a 
substituent, and -Ar- represents a monocyclic or polycyclic divalent or greater valent aromatic group which may have 
a substituent. 

[0024] Here, the alkyl group is preferably an alkyl group having from 1 to 4 carbon atoms, such as methyl group, 
ethyl group, propyl group, n-butyl group, sec-butyl group and tert-butyl group, the cycloalkyl group is preferably a 
cycloalkyl group having from 3 to 30 carbon atoms, such as cyclopropyl group, cyclobutyl group, cyclohexyl group and 
adamantyl group, the alkenyl group is preferably an alkenyl group having from 2 to 4 carbon atoms, such as vinyl 
group, propenyl group, allyl group and butenyl group, and the aryl group is preferably an aryl group having from 6 to 
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14 carbon atoms, such as phenyl group, xylyl group, toluyl group, cumenyl group, naphthyl group and anthracenyl 
group. The cyclic alkyl group is preferably a cyclic alkyl group having from 3 to 30 carbon atoms and specific examples 
thereof include a cyclopropyl group, a cyclopentyl group, a cyclohexyl group, an adamantyl group, a norbornyl group, 
a boronyl group, a tricyclodecanyl group, a dicyclopentenyl group, a norbomane epoxy group, a menthyl group, an 
isomenthyl group, a neomenthyl group, a tetracyclodecanyl group and a steroid residue. The aralkyl group includes 
an aralkyl group having from 7 to 20 carbon atoms and may have a substituent. Examples of the aralkyl group include 
a benzyl group, a phenethyl group and a cumyl group. 

[0025] Examples of the substituent include a hydroxyl group, a halogen atom (e.g., fluorine, chlorine, bromine, iodine), 
a nitro group, a cyano group, the above-described alkyl group, an alkoxy group (e.g., methoxy, ethoxy, hydroxyethoxy, 
propoxy, hydroxypropoxy, n-butoxy, isobutoxy, sec-butoxy, tert-butoxy), an alkoxycarbonyl group (e.g., methoxycarb- 
onyl, ethoxycarbonyl), an aralkyl group (e.g., benzyl, phenethyl, cumyl), an aralkyloxy group, an acyl group (e.g., formyl, 
acetyl, butyryl, benzoyl, cinnamoyl, valeryl), an acyloxy group (e.g., butyryloxy), the above-described alkenyl group, 
an alkenyloxy group (e.g., vinyloxy, propenyloxy, allyloxy, butenyloxy), the above-described aryl group, an aryloxy 
group (e.g., phenoxy), and an aryloxycarbonyl group (e.g., benzoyloxy). 
[0026] The lactone group includes those having the following structures: 



wherein R a , R b and R c each independently represents a hydrogen atom or an alkyl group having from 1 to 4 carbon 
atoms, and n represents an integer of 2 to 4. 

[0027] In the case where R 2 in formula (I) constitutes an acid-decomposable group in the form of COOR 2 , R 2 is 
preferably any one of the following formulae (pi) to (pV): 
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(pIV) 



^22 ^23 0 
C — CH — C R 24 ( P V) 

R 25 

wherein represents a methyl group, an ethyl group, an n-propyl group, an isopropyl group, an n-butyl group, an 
isobutyl group or a sec-butyl group, 

Z represents an atomic group necessary for forming an alicyclic hydrocarbon group together with the carbon atom, 

R 12 to R 16 each independently represents a linear or branched alkyl group having from 1 to 4 carbon atoms or 
an alicyclic hydrocarbon group, provided that at least one of R 12 to R 14 and either one of R 15 and R 16 represent an 
alicyclic hydrocarbon group, 

R 17 to R 21 each independently represents a hydrogen atom, a linear or branched alkyl group having from 1 to 4 
carbon atoms or an alicyclic hydrocarbon group, provided that at least one of R 17 to R 21 represents an alicyclic hydro- 
carbon group and that either one of R 19 and R 21 represents a linear or branched alkyl group having from 1 to 4 carbon 
atoms or an alicyclic hydrocarbon group, 

R 22 to R 25 each independently represents a linear or branched alkyl group having from 1 to 4 carbon atoms or 
an alicyclic hydrocarbon group, provided that at least one of R 22 to R 25 represents an alicyclic hydrocarbon group, and 

R 23 and R 24 may combine with each other to form a ring. 
[0028] In formulae (pi) to (pV), the alkyl group of R 12 to R 25 is a linear or branched alkyl group having from 1 to 4 
carbon atoms, which may be substituted or unsubstituted, such as methyl group, ethyl group, n-propyl group, isopropyl 
group, n-butyl group, isobutyl group, sec-butyl group and tert-butyl group. 

[0029] Examples of the substituent which may be substituted to the alkyl group include an alkoxy group having from 
1 to 4 carbon atoms, a halogen atom (e.g., fluorine, chlorine, bromine, iodine), an acyl group, an acyloxy group, a 
cyano group, a hydroxyl group, a carboxy group, an alkoxycarbonyl group and a nitro group. 

[0030] The alicyclic hydrocarbon group of R^ to R 25 and the alicyclic hydrocarbon group formed by Z and the carbon 
atom may be monocyclic or polycyclic. Specific examples thereof include a group having 5 or more carbon atoms and 
having a monocyclic, bicyclic, tricyclic or tetracyclic structure. The number of carbon atoms in the group is preferably 
from 6 to 30, more preferably from 7 to 25. These alicyclic hydrocarbon groups each may have a substituent. 
[0031] Examples of the structure of the alicyclic moiety in the alicyclic hydrocarbon group are set forth below. 
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[0032] Among these alicyclic moieties, preferred in the present invention are an adamantyl group, a noradamantyl 
group, a decalin residue, a tricyclodecanyl group, a tetracyclododecanyl group, a norbomyl group, a cedrol group, a 
cyclohexyl group, a cycloheptyl group, a cyclooctyl group, a cyclodecanyl group and a cyclododecanyl group, more 
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preferred are an adamantyl group, a decalin residue, a norbornyl group, a cedrol group, a cyclohexyl group, a cyclohep- 
tyl group, a cyclooctyl group, a cyclodecanyl group, a cyclododecanyl group and a tricyclodecanyl group. 
[0033] Examples of the substituent of the alicyclic hydrocarbon group include an alkyl group, a halogen atom, a 
hydroxyl group, an alkoxy group, a carboxyl group and an alkoxycarbonyl group. 

[0034] The alkyl group is preferably a lower alkyl group such as methyl group, ethyl group, propyl group, isopropyl 
group and butyl group, more preferably an alkyl group selected from the group consisting of a methyl group, an ethyl 
group, a propyl group and an isopropyl group. 

[0035] Examples of the substituent of the substituted alkyl group include a hydroxyl group, a halogen atom and an 
alkoxy group. 

[0036] The alkoxy group includes an alkoxy group having from 1 to 4 carbon atoms, such as methoxy group, ethoxy 
group, propoxy group and butoxy group. 

[0037] In the case where the hydrocarbon group of R 4 in formula (II), which may have a heteroatom, constitutes an 
acid-decomposable group in the form of -OR 4 , R 4 is preferably a tertiary alkoxycarbonyl group (preferably having from 
5 to 1 4 carbon atoms), a tertiary alkoxycarbonylalkyl group (preferably having from 6 to 1 5 carbon atoms) or a tertiary 
alkyl group (preferably having from 4 to 13 carbon atoms), or a group represented by the following formula (A) or (B). 
[0038] The group represented by formula (A) is described below. 



H 

I 

-c — o — z 

I 



(A) 



wherein L represents a hydrogen atom, an alkyl group, a cycloalkyl group or an aralkyl group, Z represents an alkyl 
group, a cycloalkyl group, an aralkyl group or an aryl group , and Z and L may combine with each other to form a 5-or 
6-membered ring. 

[0039] The alkyl group and cycloalkyl group of L and Z in the formula above each may have a substituent and is 
preferably a linear, branched or cyclic alkyl or cycloalkyl group having from 1 to 20 carbon atoms, such as methyl group, 
ethyl group, propyl group, isopropyl group, n-butyl group, isobutyl group, tert-butyl group, pentyl group, cyclopentyl 
group, hexyl group, cyclohexyl group, octyl group, dodecyl group and adamantyl group. 

[0040] Preferred examples of the substituent which can be substituted to the alkyl group or cycloalkyl group of L and 
Z include a hydroxyl group, a halogen atom, a nitro group, a cycloalkyl group and a heterocyclic residue such as a 
pyrrolidone residue. Also, examples of the substituent which can be substituted to the cyclic structure in the cycloalkyl 
group of L and Z include an alkyl group. A substituent having 12 or less carbon atoms is preferred. 
[0041] Examples of the aralkyl group of L and Z in formula (A) include an aralkyl group having from 7 to 15 carbon 
atoms, such as substituted or unsubstituted benzyl group and substituted or unsubstituted phenethyl group. 
[0042] Examples of the aryl group of Z in formula (A) preferably include an aryl group having from 6 to 14 carbon 
atoms, such as a phenyl group, naphthyl group or anthryl group. 

[0043] Preferred examples of the substituent, where the aralkyl group and aryl group may have, include a hydroxyl 
group, a halogen atom, a nitro group, and a cycloalkyl group. Examples of the aralkyl group having a substituent include 
a hydroxybenzyl group. The number of carbon atoms contained in the substituent which can be substituted to the 
aralkyl group of L or Z and the aryl group of Z is preferably 1 2 or less. 

[0044] Z preferably has a cyclic carbon structure, and preferably represents a cycloalkyl group, an aralkyl group, an 
aryl group, or an alkyl group having a cyclic carbon structure as a substituent, and more preferably represents a cy- 
cloalkyl group, an aralkyl group, or an alkyl group having acyclic carbon structure as a substituent. 
[0045] Examples of the 5- or 6-membered ring fonned when Z and L combine with each other include a tetrahydro- 
pyran ring and a tetrahydrofuran ring. 

[0046] Specific examples of the group represented by formula (A) are set forth below, but the present invention is 
not limited thereto. 
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a cycloalkyl group, an aryl group or an aralkyl group, W represents a single bond or a divalent organic group, and Y 
represents a single bond, -O-, -C0 2 -, -OCO-, -CO-, -S- or -S0 2 -. 

[0048] In formula (B), preferably, R 5 and R 6 , which may be the same or different, each represents a hydrogen atom 
or an alkyl group having from 1 to 4 carbon atoms, W represents a divalent organic group, R 7 represents a chained 
alkyl group having a total carbon number of 11 to 20, which may have a substituent, a cyclic alkyl group having a total 
carbon number of 11 to 20, which may have a substituent, an aryl group having a total carbon number of 11 to 30, 
which may have a substituent, or an aralkyl group having a total carbon number of 12 to 30, which may have a sub- 
stituent. 

[0049] Specific examples of the alkyl group of R 5 and R 6 in formula (B) include an alkyl group having from 1 to 4 
carbon atoms, such as methyl group, ethyl group, n-propyl group, isopropyl group, n-butyl group, isobutyl group, sec- 
butyl group and tert-butyl group. 

[0050] Preferred examples of the divalent organic group of W include a linear, branched or cyclic alkylene group 
which may have a substituent, an arylene group which may have a substituent, a heteroarylene group which may have 
a substituent, an aralkylene group which may have a substituent, -S-, -C(=0)-, -N(R 8 )-, -SO-, -S0 2 -, -C0 2 -, -N(R 8 ) 
S0 2 - and a divalent group resulting from combining two or more of these groups. Here, R 8 represents a hydrogen 
atom or an alkyl group (specific examples of the alkyl group are the same as those described above for R 5 ). The 
number of the carbon atom in the divalent organic group of W is preferably 1 0 or less, more preferably 8 or less, and 
still more preferably 6 or less. 

[0051] R 7 is an alkyl group which may have a substituent, a cycloalkyl group which may have a substituent, an aryl 
group which may have a substituent, or an aralkyl group which may have a substituent. 

[0052] The alkyl group is preferably an alkyl group having a total carbon number of, including the substituent, from 
1 to 20, more preferably from 1 1 to 20, still more preferably 11 to 1 8, and may be linear or branched. Examples thereof 
include a methyl group, an ethyl group, an n-propyl group, an i-propyl group, an n-butyl group, an i-butyl group, a tert- 
butyl group, an n-pentyl group, an i-pentyl group, a tert-pentyl group, an n-hexyl group, an i-hexyl group, a tert-hexyl 
group, an n-heptyl group, an i-heptyl group, atert-heptyl group, an n-octyl group, an i-octyl group, a tert-octyl group, 
an n-nonyl group, an i-nonyl group, a tert-nonyl group, an n-decyl group, an i-decyl group, a tert-decyl group, an n- 
undecyl group, an i-undecyl group, an n-dodecyl group, an i-dodecyl group, an n-tridecyl group, an i-tridecyl group, an 
n-tetradecyl group, an i-tetradecyl group, an n-pentadecyl group, an i-pentadecyl group, an n-hexadecyl group, an i- 
hexadecyl group, an n-heptadecyl group, an i-heptadecyl group, an n-octadecyl group, an i-octadecyl group, an n- 
nonadecyl group and an i-nonadecyl group. 

[0053] The cycloalkyl group is preferably a cycloalkyl group having a total carbon number of, including the substituent, 
from 1 to 20, more preferably from 11 to 20, still more preferably from 11 to 18, and may a cycloalkyl group in which 
the ring is formed by up to 20 carbon atoms, or a cyclic alkyl having a substituent. Examples thereof include a cyclopropyl 
group, acyclobutyl group, a cyclopentyl group, acyclohexyl group, a cycloheptyl group, acyclooctyl group, acyclononyl 
group, a cyclodecyl group, a cycloundecyl group, a cyclododecyl group, a cyclotridecyl group, a cyclotridecyl group, a 
cyclotetradecyl group, a cyclopentadecyl group, a cyclohexadecyl group, a cycloheptadecyl group, a cyclooctadecyl 
group, a cyclononadecyl group, a 4-cyclohexylcyclohexyl group, a 4-n-hexylcyclohexyl group, a pentanylcyclohexyl 
group, a hexyloxycyclohexyl group and a pentanyloxycyclohexyl group. Substituted cyclic alkyl groups other than those 
described here may also be used if the above-described range is satisfied. 

[0054] The aryl group of R 7 is preferably an aryl group having a total carbon number of, including the substituent, 
from 1 to 30, more preferably from 1 1 to 30, still more preferably from 1 1 to 25, and examples thereof include a phenyl 
group, atolyl group, axylyl group, an ethylphenyl group, apropylphenyl group, a methoxyphenyl group, an ethoxyphenyl 
group, a propyloxyphenyl group, a 4-cyclopentylphenyl group, a 4-cyclohexylphenyl group, a 4-cycloheptenylphenyl 
group, a 4-cyclooctanylphenyl group, a 2-cyclopentylphenyl group, a 2-cyclohexylphenyl group, a 2-cycloheptenylphe- 
nyl group, a 2-cyclooctanylphenyl group, a 3-cyclopentylphenyl group, a 3-cyclohexylphenyl group, a 3-cycloheptenyl- 
phenyl group, a 3-cyclooctanylphenyl group, a 4-cyclopentyloxyphenyl group, a 4-cyclohexyloxyphenyl group, a 4-cy- 
cloheptenyloxyphenyl group, a 4-cyclooctanyloxyphenyl group, a 2-cyclopentyloxyphenyl group, a 2-cyclohexyloxy- 
phenyl group, a 2-cycloheptenyloxyphenyl group, a 2-cyclooctanyloxyphenyl group, a 3-cyclopentyloxyphenyl group, 
a 3-cyclohexyloxyphenyl group, a 3-cycloheptenyloxyphenyl group, a 3-cyclooctanyloxyphenyl group, a 4-n-pentyl- 
phenyl group, a 4-n-hexylphenyl group, a 4-n-heptenylphenyl group, a 4-n-octanylphenyl group, a 2-n-pentylphenyl 
group, a 2-n-hexylphenyl group, a 2-n-heptenylphenyl group, a 2-n-octanylphenyl group, a 3-n-pentylphenyl group, a 
3-n-hexylphenyl group, a 3-n-heptenylphenyl group, a 3-n-octanylphenyl group, a 2,6-di-isopropylphenyl group, a 
2,3-di-isopropylphenyl group, a 2,4-di-isopropylphenyl group, a3,4-di-isopropylphenyl group, a3,6-di-tert-butylphenyl 
group, a 2,3-di-tert-butylphenyl group, a 2,4-di-tert-butylphenyl group, a 3,4-di-tert-butylphenyl group, a 2,6-di-n-butyl- 
phenyl group, a 2,3-di-n-butylphenyl group, a 2,4-di-n-butylphenyl group, a 3,4-di-n-butylphenyl group, a 2,6-di-i-butyl- 
phenyl group, a2,3-di-i-butylphenyl group, a2,4-di-i-butylphenyl group, a3,4-di-i-butylphenyl group, a2,6-di-tert-amyl- 
phenyl group, a 2,3-di-tert-amylphenyl group, a 2,4-di-tert-amylphenyl group, a 3,4-di-tert-amylphenyl group, a 2,6-di- 
i-amylphenyl group, a 2,3-di-i-amylphenyl group, a 2,4-di-i-amylphenyl group, a3,4-di-i-amylphenyl group, a2,6-di-n- 
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pentylphenyl group, a 2,3-di-n-pentylphenyl group, a 2,4-di-n-pentylphenyl group, a 3,4-di-n-pentylphenyl group, a 
4-adamantylphenyl group, a 2-adamantylphenyl group, a 4-isoboronylphenyl group, a 3-isoboronylphenyl group, a 
2-isoboronylphenyl group, a 4-cyclopentyloxyphenyl group, a 4-cycloheayloxyphenyl group, a 4-cycloheptenyloxyphe- 
nyl group, a 4-cyclooctanyloxyphenyl group, a 2-cyclopentyloxyphenyl group, a 2-cyclohexyloxyphenyl group, a2-cy- 
cloheptenyloxyphenyl group, a 2-cyclooctanyloxyphenyl group, a 3-cyclopentyloxyphenyl group, a 3-cyclohexyloxy- 
phenyl group, a 3-cycloheptenyloxyphenyl group, a 3-cyclooctanyloxyphenyl group, a 4-n-pentyloxyphenyl group, a 
4-n-hexyloxyphenyl group, a 4-n-heptenyloxyphenyl group, a 4-n-octanyloxyphenyl group, a 2-n-pentyloxyphenyl 
group, a 2-n-hexyloxyphenyl group, a 2-n-heptenyloxyphenyl group, a 2-n-octanyloxyphenyl group, a 3-n-pentyloxy- 
phenyl group, a 3-n-hexyloxyphenyl group, a 3-n-heptenyloxyphenyl group, a 3-n-octanyloxyphenyl group, a 2,6-di- 
isopropyloxyphenyl group, a 2,3-di-isopropyloxyphenyl group, a 2,4-di-isopropyloxyphenyl group, a 3,4-di-isopropy- 
loxyphenyl group, a 2,6-di-tert-butyloxyphenyl group, a 2,3-di-tert-butyloxyphenyl group, a 2,4-di-tert-butyloxyphenyl 
group, a 3,4-di-tert-butyloxyphenyl group, a 2,6-di-n-butyloxyphenyl group, a 2,3-di-n-butyloxyphenyl group, a 2,4-di- 
n-butyloxyphenyl group, a 3,4-di-n-butyloxyphenyl group, a 2,6-di-i-butyloxyphenyl group, a 2,3-di-i-butyloxyphenyl 
group, a 2,4-di-i-butyloxyphenyl group, a 3,4-di-i-buyloxyphenyl group, a 2,6-di-tert-amyloxyphenyl group, a 2,3-di-tert- 
amyloxyphenyl group, a 2,4-di-tert-amyloxyphenyl group, a 3,4-di-tert-amyloxyphenyl group, a 2,6-di-i-amyloxyphenyl 
group, a 2,3-di-i-amyloxyphenyl group, a 2,4-di-i-amyloxyphenyl group, a 3,4-di-i-amyloxyphenyl group, a 2,6-di-n- 
pentyloxyphenyl group, a 2,3-di-n-pentyloxyphenyl group, a 2,4-di-n-pentyloxyphenyl group, a 3,4-di-n-pentyloxyphe- 
nyl group, a 4-adamantyloxyphenyl group, a 3-adamantyloxyphenyl group, a 2-adamantyloxyphenyl group, a 4-isobo- 
ronyloxyphenyl group, a 3-isoboronyloxyphenyl group and a 2-isoboronyloxyphenyl group. These groups each may 
be further substituted within the above-described range and the substituent is not limited to the substituents other than 
those described above. 

[0055] The aralkyl group of R 7 is preferably an aralkyl group having a total carbon number of, including the substituent, 
from 2 to 30, more preferably from 12 to 30, still more preferably from 12 to 25, and examples thereof include a phe- 
nylethyl group, a triphenylethyl group, a xylylphenylethyl group, an ethylphenylethyl group, a propylphenylethyl group, 
a4-cyclopentylphenylethyl group, a4-cyclohexylphenylethyl group, a4-cycloheptenylphenylethyl group, a4-cycloocta- 
nylphenylethyl group, a 2-cyclopentylphenylethyl group, a 2-cyclohexylphenylethyl group, 2-cycloheptenylphenylethyl 
group, a 2-cyclooctanylphenylethyl group, a 3-cyclopentylphenylethyl group, a 3-cyclohexylphenylethyl group, a 3-cy- 
cloheptenylphenylethyl group, a 3-cyclooctanylphenylethyl group, a 4-cyclopentyloxyphenylethyl group, a 4-cyclohex- 
yloxyphenylethyl group, a 4-cycloheptenyloxyphenylethyl group, a 4-cyclooctanyloxyphenylethyl group, a 2-cy- 
clopentyloxyphenylethyl group, a 2-cyclohexyloxyphenylethyl group, a 2-cycloheptenyloxyphenylethyl group, a 2-cy- 
clooctanyloxyphenylethyl group, a 3-cyclopentyloxyphenylethyl group, a 3-cyclohexyloxyphenylethyl group, a 3-cy- 
cloheptenyloxyphenylethyl group, a 3-cyclooctanyloxyphenylethyl group, a 4-n-pentylphenylethyl group, a 4-n-hexyl- 
phenylethyl group, a 4-n-heptenylphenylethyl group, a 4-n-octanylphenylethyl group, a 2-n-pentylphenylethyl group, 
a 2-n-hexylphenylethyl group, a 2-n-heptenylphenylethyl group, a 2-n-octanylphenylethyl group, a 3-n-pentylphenyle- 
thyl group, a 3-n-hexylphenylethyl group, a 3-n-heptenylphenylethyl group, a 3-n-octanylphenylethyl group, a 2,6-di- 
isopropylphenylethyl group, a 2,3-di-isopropylphenylethyl group, a 2,4-di-isopropylphenylethyl group, a 3,4-di-isopro- 
pylphenylethyl group, a 2,6-di-tert-butylphenylethyl group, a 2,3-di-tert-butylphenylethyl group, a 2,4-di-tert-butylphe- 
nylethyl group, a 3,4-di-tert-butylphenylethyl group, a 2,6-di-n-butylphenylethyl group, a 2,3-di-n-butylphenylethyl 
group, a 2,4-di-n-butylphenylethyl group, a 3,4-di-n-butylphenylethyl group, a 2,6-di-i-butylphenylethyl group, a 2,3-di- 
i-butylphenylethyl group, a2,4-di-i-butylphenylethyl group, a3,4-di-i-butylphenylethyl group, a2,6-di-tert-amylphenyle- 
thyl group, a 2,3-di-tert-amylphenylethyl group, a 2,4-di-tert-amylphenylethyl group, a 3,4-di-tert-amylphenylethyl 
group, a 2,6-di-i-amylphenylethyl group, a 2,3-di-i-amylphenylethyl group, a 2,4-di-i-amylphenylethyl group, a 3,4-di- 
i-amylphenylethyl group, a 2,6-di-n-pentylphenylethyl group, a 2,3-di-n-pentylphenylethyl group, a 2,4-di-n-pentylphe- 
nylethyl group, a 3,4-di-n-pentylphenylethyl group, a 4-adamantylphenylethyl group, a 3-adamantylphenylethyl group, 
a 2-adamantylphenylethyl group, a 4-isoboronylphenylethyl group, a 3-isoboronylphenylethyl group, a 2-isoboronyl- 
phenylethyl group, a 4-cyclopentyloxyphenylethyl group, a 4-cyclohexyloxyphenylethyl group, a 4-cycloheptenyloxy- 
phenylethyl group, a 4-cyclooctanyloxyphenylethyl group, a2-cyclopentyloxyphenylethyl group, a 2-cyclohexyloxyphe- 
nylethyl group, a 2-cycloheptenyloxyphenylethyl group, a 2-cyclooctanyloxyphenylethyl group, a 3-cyclopentyloxyphe- 
nylethyl group, a 3-cyclohexyloxyphenylethyl group, a 3-cycloheptenyloxyphenylethyl group, a 3-cyclooctanyloxyphe- 
nylethyl group, a 4-n-pentyloxyphenylethyl group, a 4-n-hexyloxyphenylethyl group, a 4-n-heptenyloxyphenylethyl 
group, a 4-n-octanyloxyphenylethyl group, a 2-n-pentyloxyphenylethyl group, a 2-n-hexyloxyphenylethyl group, a 2-n- 
heptenyloxyphenylethyl group, a2-n-octanyloxyphenylethyl group, a3-n-pentyloxyphenylethyl group, a 3-n-hexyloxy- 
phenylethyl group, a 3-n-heptenyloxyphenylethyl group, a3-n-octanyloxyphenylethyl group, a2,6-di-isopropyloxyphe- 
nylethyl group, a 2,3-di-isopropyloxyphenylethyl group, a 2,4-di-isopropyloxyphenylethyl group, a 3,4-di-isopropyloxy- 
phenylethyl group, a 2,6-di-tert-butyloxyphenylethyl group, a 2,3-di-tert-butyloxyphenylethyl group, a 2,4-di-tert-buty- 
loxyphenylethyl group, a 3,4-di-tert-butyloxyphenylethyl group, a 2,6-di-n-butyloxyphenylethyl group, a 2,3-di-n-buty- 
loxyphenylethyl group, a 2,4-di-n-butyloxyphenylethyl group, a 3,4-di-n-butyloxyphenylethyl group, a 2,6-di-i-butyloxy- 
phenylethyl group, a 2,3-di-i-butyloxyphenylethyl group, a 2,4-di-i-butyloxyphenylethyl group, a 3,4-di-i-butyloxyphe- 
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nylethyl group, a 2,6-di-tert-amyloxyphenylethyl group, a 2,3-di-tert-amyloxyphenylethyl group, a 2,4-di-tert-amyloxy- 
phenylethyl group, a 3,4-di-tert-amyloxyphenylethyl group, a 2,6-di-i-amyloxyphenylethyl group, a 2,3-di-i-amyloxy- 
phenylethyl group, a 2,4-di-i-amyloxyphenylethyl group, a 3,4-di-i-amyloxyphenylethyl group, a 2,6-di-n- 
pentyloxyphenylethyl group, a 2,3-di-n-pentyloxyphenylethyl group, a 2,4-di-n-pentyloxyphenylethyl group, a 3,4-di-n- 
pentyloxyphenylethyl group, a 4-adamantyloxyphenylethyl group, a 3-adamantyloxyphenylethyl group, a 2-adamanty- 
loxyphenylethyl group, a 4-isoboronyloxyphenylethyl group, a 3-isoboronyloxyphenylethyl group, a 2-isoboronyloxy- 
phenylethyl group, and those where the hydrogen atom of the alkyl in the above is replaced by a methyl group, a propyl 
group, a butyl group or the like. 

[0056] Examples of the substituent which is further substituted to the above-described groups include a hydroxyl 
group, a halogen atom (e.g., fluorine, chlorine, bromine, iodine), a nitro group, a cyano group, the above-described 
alkyl group, an alkoxy group (e.g., methoxy, ethoxy, hydroxyethoxy, propoxy, hydroxypropoxy, n-butoxy, isobutoxy, sec- 
butoxy, tert-butoxy), an alkoxycarbonyl group (e.g., methoxycarbonyl, ethoxycarbonyl), an aralkyl group (e.g., benzyl, 
phenethyl, cumyl), an aralkyloxy group, an acyl group (e.g., formyl, acetyl, butyryl, benzoyl, cyanamyl, valeryl), an 
acyloxy group (e.g., butyryloxy), the above-described alkenyl group, an akenyloxy group (e.g., vinyloxy, propenyloxy, 
allyloxy, butenyloxy), the above-described aryl group, an aryloxy group (e.g., phenoxy) and an aryloxycarbonyl group 
(e.g., benzoyloxy). 

[0057] The substituent of R 7 is preferably an aryl group having from 11 to 25 carbon atoms, or an aralkyl group having 
from 1 2 to 25 carbon atoms. These substituents each may further have a substituent and the substituted aryl or aralkyl 
group may be satisfied if the total carbon number thereof is within the above-described range. 
[0058] Specific examples of the group represented by formula (B) are set forth below, but the present invention is 
not limited thereto. 
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[0059] The resin (A) preferably further contains a polyhydroxystyrene repeating unit. 

[0060] The hydroxy group in the polyhydroxystyrene repeating unit may be present at any position but is preferably 
present at the para-position. 

[0061] In addition to the above-described repeating units, the resin (A) may comprise a repeating unit originated in 
a compound having an addition polymerizable unsaturated bond, such as acrylic esters, methacrylic esters, acryla- 
mides, methacrylamides, allyl compounds, vinyl ethers and vinyl esters. 

[0062] In the resin (A), the content of the repeating unit represented by formula (I) is preferably from 5 to 80 mol%, 
more preferably from 1 0 to 60 mol%, still more preferably from 20 to 50 mol%, based on all repeating units constituting 
the resin. 

[0063] The content of the repeating unit represented by formula (II) is preferably from 5 to 90 mol%, more preferably 
from 10 to 80 mol%, still more preferably from 30 to 70 mol%, based on all repeating units constituting the resin. 
[0064] The content of the polyhydroxystyrene repeating unit is preferably from 1 0 to 80 mol%, more preferably from 
20 to 70 mol%, still more preferably from 30 to 70 mol%, based on all repeating units constituting the resin. 
[0065] The content of the repeating unit having an acid-decomposable group is preferably from 1 0 to 60 mol%, more 
preferably from 20 to 55 mol%, still more preferably from 30 to 50 mol%, based on all repeating units constituting the 
resin. 

[0066] When -COOR 2 in formula (I) is an acid-decomposable group, R 4 in formula (II) is preferably a hydrogen atom. 
[0067] When -OR 4 in formula (II) is an acid-decomposable group, a polyhydroxystyrene repeating unit is preferably 
contained together with the repeating unit represented by formula (I). 

[0068] The weight average molecular weight of the resin (A) can be measured as a polystyrene-reduced molecular 
weight (MW) by gel permeation chromatography (GPC) and is preferably from 2,000 to 1,000,000, more preferably 
from 3,000 to 1 00,000, still more preferably from 3,000 to 50,000. That is, the molecular weight is preferably 2,000 or 
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more from the standpoint of preventing the film loss of the resist and preferably 1 ,000,000 or less in view of solubility 
and resolution. 

[0069] The resin (A) can be synthesized by an ordinary method (for example, radical polymerization). For example, 
in a general synthesis method, monomer species are charged into a reaction vessel all at once or on the way of reaction 
and, if desired, dissolved in a reaction solvent such as tetrahydrofuran, 1,4-dioxane, ethers (e.g., diisopropyl ether), 
ketones (e.g., methyl ethyl ketone, methyl isobutyl ketone) and esters (e.g., ethyl acetate), or in a solvent capable of 
dissolving various monomers, such as propylene glycol monomethyl ether acetate which is described later. The ob- 
tained uniform solution is, if desired, heated in an inert gas atmosphere such as nitrogen or argon, and the polymeri- 
zation is started by using a commercially available radical initiator (e.g., azo-based initiator, peroxide). If desired, the 
initiator is added additionally or in parts. After the completion of reaction, the reactant is charged into a solvent and 
the desired polymer is recovered, for example, by a powder or solid recovery method. The reaction concentration is 
20 mass% or more, preferably 30 mass% or more, more preferably 40 mass% or more, and the reaction temperature 
is from 1 0 to 1 50°C, preferably from 30 to 1 20°C, more preferably from 50 to 1 00°C. 

[0070] The amount of the resin blended is, as a total amount, preferably from 40 to 99.99 mass%, more preferably 
from 50 to 99.97 mass%, based on the entire solid content of the composition. 

[0071] Specific examples of the resin (A) are set forth below, but the present invention is not limited thereto. 
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[2] (B) Compound capable of generating an acid upon irradiation with actinic rays or radiation 

[0072] The resist composition of the present invention contains a compound capable of generating an acid upon 
irradiation with actinic rays or radiation (photoacid generator). 

[0073] The photoacid generator which can be used in the present invention is appropriately selected from compounds 
of generating an acid upon irradiation with known light (e.g., ultraviolet ray of 200 to 400 nm, far ultraviolet ray, partic- 
ularly KrF excimer laser light), actinic rays (e.g., electron beam. X-ray, EUV) or radiation, which are used in a photoin- 
itiator for photocationic polymerization, a photo initiator for photoradical polymerization, a photo-decoloring agent for 
dyes, a photo-discoloring agent, a microresist and the like. 

[0074] Other examples of the photoacid generator for use in the present invention include onium salts such as dia- 
zonium salt, ammonium salt, phosphonium salt, iodonium salt, sulfonium salt, selenonium salt and arsonium salts; 
organic halogen compounds; organic metals/organic halides; photoacid generators having an o-nitrobenzyl type pro- 
tective group; compounds of photochemically decomposing to generate a sulfonic acid, as represented by iminosul- 
fonate; disulfone compounds; and diazoketosulfone and diazodisulfone compounds. 

[0075] In addition, compounds in which such agroup or compound capable of generating an acid by light is introduced 
into the main or side chain can also be used. 

[0076] Furthermore, compounds of generating an acid by light described, for example, in V.N.R. Pillai, Synthesis , 
(1), 1 (1980), A. Abad et al., Tetrahedron Lett. , (47)4555 (1971), D.H.R. Barton et al., J. Chem. Soc , (C), 329 (1970), 
U.S. Patent 3,779,778 and European Patent 126,712 may also be used. 

[0077] Among these compounds of decomposing upon irradiation with actinic rays or radiation to generate an acid, 
the photoacid generators which are particularly effective are described below. 

(1) Iodonium salt represented by the following formula (PAG3) and sulfonium salt represented by formula (PAG4) 
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Ar 



Ar 




(PAG3) 




203 



(PAG4) 



In these formulae, Ar 1 and Ar 2 each independently represents an aryl group. 

R 203 , R 204 and R 205 each independently represents an alkyl group, a cycloalkyl group or an aryl group. 

Z" represents a counter anion and examples thereof include, but are not limited to, BF 4 - , AsF 6 ", PF 6 ", SbF 6 ", 
SiF 6 2- , CI0 4 _ , perfluoroalkane sulfonate anion (e.g. CF 3 S0 3 "), pentafluorobenzene sulfonate anion, condensed 
polynuclear aromatic sulfonate anion (e.g., naphthalene-1 -sulfonate anion), anthraquinone sulfonate anion and 
sulfonic acid group-containing dye. 

Two of R 203 , R 204 and R 205 , or Ar 1 and Ar 2 may combine through a single bond or a substituent. 

Specific examples thereof include the following compounds, but the present invention is not limited to these 



compounds. 
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C 12 H 25 (PAG3-1) 




(PAG3-2) 



C4H9 v 

0 (PAG3-3) %_J~ X 

SbFfi <c\ 




CF 3 S0 3 v 

e ^\ / (PAG3 " 5 ) V 



0 (PAG3-4) 




(PAG3-6) 
N0 2 



(PAG3-8) 




|] (PAG3-9) 



©o,s 




e. 




H3CO 




(PAG3-10) 
OCH3 



28 



EP 1 557 720 A1 






29 



EP 1 557 720 A1 




EP 1 557 720 A1 




C 12 H 2 ; 



(PAG4-1) 



CH 




(PAG4-3) 
© 




CF 3 S0 3 * 



(PAG4-5) 



' e (0)- SS> O.F„SO a < 




F F 



(PAG4-6) 



(PAG4-7) 



F F 




OC^K 



), 




H 3 C0-^KS^(^-CI 
(PAG4-9) 



CFgSOa^ 



CF 3 S0 3 Q 



(PAG4-8) 



= \ © 




H °"\ /"f" CHa PFe 0 
CH 3 

(PAG4-10) 



\^-f CH 3 SbF© 
CH 3 

(PAG4-11) 



C4H9 

(PAG4-12) c 4 h 9 - 




SO® 
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(n)C„H 9 




CH 3 
(PAG4-18) 




CH 3 

(PAG4-15) 




(PA64-19) 




(PAG4-23) 




(PAG4-25) 
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© 0 

S-Ph 2 0 3 S 




CH 3 (PAG4-43) 



O 




© 



e 



S-Ph 2 O3S-CF3 (PAG4-44) 



OHf^V-S-Ph 2 e 0 3 S-C 4 F9 (PAG4-45) 




© 

S-Ph 2 



CH 3 (PAG4-46) 




© 

S-Ph 2 



© 



O3S-CF3 (PAG4-47) 




S-Ph 2 0 O 3 S-C 4 F 9 (PAG4-48) 



("~ h^O^) - ^ 0 O 3 S-CF 3 (PAG4-49) 
^— |— <^^)^-S 0 O 3 S-C 4 F 9 (PAG4-50) 
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(PAG 4-57) CF 3 




20 A1 

0 O 3 S-CF 3 (PAG4-51) 
0 O 3 S-C 4 F 9 (PAG4-52) 




o 

(PAG 4-60) 
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CH3SO3- 

(PAG 4-61) 




CF 3 (CF 2 ) 3 S03- 
(PAG 4-62) 



L^J CF 3 (CF 2 ) 3 S0 3 - 

(PAG 4-63) 




CF 3 (CF 2 ) 3 S0 3 - 

(PAG 4-64) 



C4Hg 




C4Hg 

CF 3 (CF 2 ) 3 S0 3 - 

(PAG 4-65) 




CF 3 (CF 2 ) 3 S0 3 - 

(PAG 4-67) 




CF 3 (CF 2 ) 3 S0 3 - 

(PAG 4-68) 
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CF 3 (CF 2 ) 3 S03- 

(PAG 4-69) 




CF 3 (CF 2 ) 3 S0 3 - 
(PAG 4-70) 



O'p op 

o o 

CF3SO3- CF 3 (CF 2 ) 3 S0 3 - 

(PAG4-71) (PAG 4-72) 



op 



(PAG 4-73) 




O 

CF 3 (CF 2 ) 7 S0 3 - CF 3 S0 3 - 



S 'P 

o 



(PAG 4-74) 



0 0 

rF trP \ qo CF 3 (CF 2 ) 7 S0 3 - 

CF 3 (CF 2)3 S0 3 - (pAQ 

(PAG 4-75) 
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CF 3 S0 3 - CF 3 (CF 2 ) 3 S0 3 - 
(PAG 4-77) (PAG 4-78) 



QUO 




CF 3 (CF 2 )7S0 3 - CF 3 S0 3 - 
(PAG 4-79) (pAG 4 _ 80) 




CF 3 (CF 2 ) 3 S0 3 - CF 3 (CF 2 ) 7 S0 3 - 
(PAG4-B1) (PAG 4-82) 



2 CF3SO3- 2 CF 3 (CF 2 ) 3 S0 3 - 

(PAG 4-83) (PAG 4-84) 

OJLO' a — 

CF 3 (CF 2 ) 3 S0 3 - 
2 CF 3 (CF 2 ) 7 S0 3 - (pAQ 4 _ 86) 

(PAG 4-85) 
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CF 3 (CF 2 ) 3 S0 3 - 
(PAG 4-87) 




CF 3 CF 2 -0-CF 2 CF 2 S0 3 - 
(PAG 4-89) 

CF 3 (CF 2 ) 3 S0 3 - 
(PAG 4-91) 



o / 




(PAG4-93) 



^- -CH 2 CH 2 (CF 2 ) 5 CF3 

CF 3 (CF 2 ) 3 S0 3 - 
(PAG 4-88) 




(PAG 4-90) 

CF 3 (CF 2 ) 3 S0 3 - 
(PAG 4-92) 



OH 




C 4 F 9 S0 3 
(PAG4-94) 
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(PAG4-95) 



CF 3 

(PAG4-96) 



In these formulae, Ph represents a phenyl group. 

These onium salts represented by formulae (PAG3) and (PAG4) are known and may be synthesized by the 
method described, for example, in U.S. Patents 2,807,648 and 4,247,473, and JP-A-53-1 01331 
(3) Disulfonic acid derivative represented by the following formula (PAG5) and iminosulfonate derivative repre- 
sented by formula (PAG6): 



Ar 3 -S0 2 -S0 2 -Ar 4 



(PAG5) 



R 206 -SO 2 -O-N. 



U 

A 
V 



( PAG 6 ) 



wherein Ar 3 and Ar 4 each independently represents an aryl group, R 206 represents an alkyl group, a cycloalkyl 
group or an aryl group, and A represents an alkylene group, an alkenylene group or an arylene group. 
Specific examples thereof include, but are not limited to, the compounds set forth below. 



S0 2 — SO; 

(PAG5-1) 



r "*0~ c ' ^ c -O~ 80 ~ 8 ° 2 ~^(I)~ 

(PAG5-2) 



CH a 



H 3 CO 




\ /~SQ 2 — SO; 
(PAG5-3) 




(PAG5-4) 



41 



EP 1 557 720 A1 




42 



EP 1 557 720 A1 





(PA66 " 13) (PAG6-14) 
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[f^^N-O-SOj-CF, 
° (PAG6-16) 



(PAC6-1S) 



N — O- S0 2 — CF a 



O H3C 0 (PA66-18) 



(PAG6-17) 



j? F v/ F o CC^CHa 

(PA66 - 19 > ° (PAG6-20) 
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(PAG6-23) 




(PAG6-24) 
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O 



O 
II 



N— O-S— C 4 F 9 
II 

o 



(PAG6-34) 



(3) Diazodisulfone derivative represented by the following formula (PAG7) 



0 N 2 O 



II If H 
R S U S R 



(PAG7) 



0 



O 



wherein R represents an alkyl group, a cycloalkyl group or an aryl group. 

Specific examples thereof include, but are not limited to, the compounds set forth below. 




(PAG7-1) 



O 
II 

s- 

II 

o 



N 2 
Jll 



s- 

II 
O 



(PAG7-2) 




O 
II 
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II 

O 



N 2 
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o 
II 
s 
ii 
o 




(PAG7-3) 




(PAG7-4) 
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O 
II 

s- 

J! 
O 



— s- 

II 

o 



(PAG7-5) 




9 N 2 O CH 3 
/— \ II II 2 II I 
( V-S-^-S-C-CHa (PA67- 
V_/ || || | 

O O CH 3 



O N 2 O 

O'l'^I^O" 0 " 3 (PAG7 " 9) 

o o 

[0078] The amount of the photoacid generator added is usually from 0.001 to 30 mass%, preferably from 0.3 to 20 
mass%, more preferably from 0.5 to 1 0 mass%, based on the solid content of the composition. 
[0079] That is, the amount of the photoacid generator is preferably 0.001 mass% or more in view of sensitivity and 
is preferably 30 mass% or less in view of light absorption and profile of resist, and process (particularly baking) margin. 

[3] Surfactant (component D) 

[0080] The positive resist composition of the present invention preferably contains a surfactant, preferably any one 
of or two or more of fluorine-containing and/or silicon-containing surfactants (a fluorine-containing surfactant, a silicon- 
containing surfactant and a surfactant containing both a fluorine atom and a silicon atom). 

[0081] When the positive resist composition of the present invention contains the above-described surfactant, this 
is effective on use of an exposure light source of 250 nm or less, particularly 220 nm or less, or at the formation of a 
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pattern having a smaller line width, and a resist pattern with good sensitivity, high resolution and less failure of adhesion 
and development can be obtained. 

[0082] Examples of these surfactants include surfactants described in JP-A-62-36663, JP-A-61 -226746, JP-A- 
61-226745, JP-A-62-1 70950, JP-A-63-34540, JP-A-7-2301 65, JP-A-8-62834, JP-A-9-54432, JP-A-9-5988, JP-A- 
2002-277862 and U.S. Patents 5,405,720, 5,360,692, 5,529,881, 5,296,330, 5,436,098, 5,576,143, 5,294,511 and 
5,824,451. The following commercially available surfactants each may also be used as-is. 

[0083] Examples of the commercially available surfactant which can be used include fluorine-containing surfactants 
and silicon-containing surfactants, such as EFtop EF301 and EF303 (produced by Shin-Akita Kasei K.K.), Florad FC430 
and 431 (produced by Sumitomo 3M Inc.), Megafac F1 71 , F1 73, F1 76, F1 89 and R08 (produced by Dainippon Ink & 
Chemicals, Inc.), Surflon S-382, SC1 01 , 1 02, 1 03, 1 04, 1 05 and 1 06 (produced by Asahi Glass Co., Ltd.), and Troysol 
S-366 (produced by Troy Chemical). In addition, polysiloxane polymer KP-341 (produced by Shin-Etsu Chemical Co., 
Ltd.) may also be used as the silicon-containing surfactant. 

[0084] Other than these known surfactants, surfactants using a polymer having a fluoro-aliphatic group, which is 
derived from a fluoroaliphatic compound produced by telomerization (also called telomer method) or oligomerization 
(also called oligomer method), may be used. The fluoroaliphatic compound can be synthesized by the method described 
in JP-A-2002-90991. 

[0085] The polymer having a fluoroaliphatic group is preferably a copolymer of fluoroaliphatic group-containing mon- 
omer with (poly(oxyalkylene)) acrylate and/or (poly(oxyalkylene)) methacrylate, and the polymer may have an irregular 
distribution or may be a block copolymer. Examples of the poly(oxyalkylene) group include a poly(oxyethylene) group, 
a poly(oxypropylene) group and a poly(oxybutylene) group. This group may also be a unit having alkylenes differing 
in the chain length within the same chain, such as block-linked poly(oxyethylene, oxypropylene and oxyethylene) group 
and block-linked poly(oxyethylene and oxypropylene) group. Furthermore, the copolymer of fluoroaliphatic group-con- 
taining monomer with (poly(oxyalkylene)) acrylate (or methacrylate) is not limited to a binary copolymer but may be a 
ternary or higher copolymer obtained by simultaneously copolymerizing two or more different fluoroaliphatic group- 
containing monomers or two or more different (poly(oxyalkylene)) acrylates (or methacrylates). 
[0086] Examples thereof include commercially available surfactants such as Megafac F-178, F-470, F-473, F-475, 
F-476 and F-472 (produced by Dainippon Ink & Chemicals, Inc.), copolymers of acrylate (or methacrylate) having 
C 6 F 13 group with (poly(oxyalkylene)) acrylate (or methacrylate), copolymers of acrylate (or methacrylate) having C 6 F 13 
group with (poly(oxyethylene)) acrylate (or metliacrylate) and (poly(oxypropylene)) acrylate (or methacrylate), copol- 
ymers of acrylate (or methacrylate) having C 8 F 17 group with (poly(oxyalkylene)) acrylate (or methacrylate), and copol- 
ymers of acrylate (or methacrylate) having C 8 F 17 group with (poly(oxyethylene)) acrylate (or methacrylate) and (poly 
(oxypropylene)) acrylate (or methacrylate). 

[0087] Examples of the surfactant other than these fluorine-containing and/or silicon-containing surfactants, which 
can be used, include nonionic surfactants such as polyoxyethylene alkyl ethers (e.g., polyoxyethylene lauryl ether, 
polyoxyethylene stearyl ether, polyoxyethylene cetyl ether, polyoxyethylene oleyl ether), polyoxyethylene alkylallyl 
ethers (e.g., polyoxyethylene octylphenol ether, polyoxyethylene nonylphenol ether), polyoxyethylene-polyoxypropyl- 
ene block copolymers, sorbitan fatty acid esters (e.g., sorbitan monolaurate, sorbitan monopalmitate, sorbitan mono- 
stearate, sorbitan monooleate, sorbitan trioleate, sorbitan tristearate) and polyoxyethylene sorbitan fatty acid esters 
(e.g., polyoxyethylene sorbitan monolaurate, polyoxyethylene sorbitan monopalmitate, polyoxyethylene sorbitan mon- 
ostearate, polyoxyethylene sorbitan trioleate, polyoxyethylene sorbitan tristearate). 

[0088] The amount of the surfactant (D) used is preferably from 0.0001 to 2 mass%, more preferably from 0.001 to 
1 mass%, still more preferably from 0.01 to 1 mass%, based on the entire amount (excluding the solvent) of the positive 
resist composition. 

[4] Organic Basic Compound (component E) 

[0089] The resist composition of the present invention preferably contains an organic basic compound. The organic 
basic compound is preferably a compound having a basicity stronger than phenol. In particular, a nitrogen-containing 
basic compound is preferred and examples thereof include the structures represented the following formulae (A) to (E). 



,251 



R 250 — N — R 252 



(A) 



wherein R 250 , R 251 and R 252 each independently represents a hydrogen atom, an alkyl group having from 1 to 20 
carbon atoms, a cycloalkyl group having from 3 to 20 carbon atoms or an aryl group having from 6 to 20 carbon atoms, 
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and R 250 and R 251 may combine with each other to form a ring. These groups each may have a substituent and the 
alkyl or cycloalkyl group having a substituent is preferably an aminoalkyl group having from 1 to 20 carbon atoms, an 
aminocycloalkyl group having from 3 to 20 carbon atoms, a hydroxyalkyl group having from 1 to 20 carbon atoms, or 
an aminocycloalkyl group having from 3 to 20 carbon atoms. 

[0090] In the alkyl chain of these groups, an oxygen atom, a sulfur atom or a nitrogen atom may be contained. 



(B) 

N — C=N 



(C) 



: C — N=C- 



(D) 



: C — N- 



,254 . „255 



R' I R' 

R 253 — C — N-C-R 256 (E) 



(wherein R 253 , R 254 , R 255 and R 256 each independently represents an alkyl group having from 1 to 6 carbon atoms or 
a cycloalkyl group having from 3 to 6 carbon atoms). 

[0091] The compound is more preferably a nitrogen-containing basic compound having two or more nitrogen atoms 
differing in the chemical environment within one molecule, still more preferably a compound containing both a substi- 
tuted or unsubstituted amino group and a ring structure containing a nitrogen atom, or a compound containing an 
alkylamino group. 

[0092] Specific preferred examples thereof include guanidine, aminopyridine, aminoalkylpyridine, aminopyrrolidine, 
indazole, pyrazole, pyrazine, pyrimidine, purine, imidazoline, pyrazoline, piperazine, piperidine, aminomorpholine and 
aminoalkylmorpholine. These compounds each may have a substituent and preferred examples of the substituent 
include an amino group, an aminoalkyl group, an alkylamino group, an aminoaryl group, an arylamino group, an alkyl 
group, an alkoxy group, an acyl group, an acyloxy group, an aryl group, an aryloxy group, a nitro group, a hydroxyl 
group and a cyano group. 

[0093] Specific preferred examples of the nitrogen-containing basic compound include, but are not limited to, gua- 
nidine, 1 ,1-dimethylguanidine, 1 ,1 ,3,3-tetramethylguanidine, 2-aminopyridine, 3-aminopyridine, 4-aminopyridine, 

2- dimethylaminopyridine, 4-dimethylaminopyridine, 2-diethylaminopyridine, 2-(aminomethyl)pyridine, 2-amino- 

3- methylpyridine, 2-amino-4-methylpyridine, 2-amino-5-methylpyridine, 2-amino-6-methylpyridine, 3-aminoethylpyrid- 
ine, 4-aminoethylpyridine, 3-aminopyrrolidine, piperazine, N-(2-aminoethyl)piperazine, N-(2-aminoethyl)piperidine, 

4- amino-2,2,6,6-tetramethylpiperidine, 4-piperidinopiperidine, 2-iminopiperidine, 1 -(2-aminoetliyl)pyrrolidine, pyra- 
zole, 3-amino-5-methylpyrazole, 5-amino-3-methyl-1 -p-tolylpyrazole, pyrazine, 2-(aminomethyl)-5-methylpyrazine, 
pyrimidine, 2,4-diaminopyrimidine, 4,6-dihydroxypyrimidine, 2-pyrazoline, 3-pyrazoline, N-aminomorpholine, N-(2-ami- 
noethyl)morpholine, 1 ,5-diazabicyclo[4.3.0]non-5-ene, 1 ,8-diazabicyclo[5.4.0]undec-7-ene, 1 ,4-diazabicyclo[2.2.2]oc- 
tane, 2,4,5-triphenylimidazole, N-methylmorpholine, N-ethylmorpholine, N-hydroxyethylmorpholine, N-benzylmorpho- 
line, tertiary morpholine derivatives (e.g., cyclohexylmorpholinoethyl thiourea (CHMETU)), and hindered amines de- 
scribed in JP-A-11 -52575 (e.g., those described in paragraph [0005]). 

[0094] Among these, more preferred are 1 ,5-diazabicyclo[4.3.0]non-5-ene, 1 ,8-diazabicyclo[5.4.0]undec-7-ene, 
1 ,4-diazabicyclo[2.2.2]octane, 4-dimethylaminopyridine, hexamethylenetetramine, 4,4-dimethylimidazoline, pyrroles, 
pyrazoles, imidazoles, pyridazines, pyrimidines, tertiary morpholine derivatives (e.g., CHMETU), and hindered amines 
(e.g., bis(1 ,2,2,6, 6-pentamethyl-4-piperidyl) sebacate). In particular, 1 ,5-diazabicyclo[4.3.0]non-5-ene, 1 ,8-diazabicy- 
clo[5.4.0]undec-7-ene, 1 ,4-diazabicyclo[2.2.2]octane, 4-dimethylaminopyridine, hexamethylenetetramine, CHMETU 
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and bis(1 ,2,2,6,6-pentamethyl-4-piperidyl) sebacate are preferred. 

[0095] The nitrogen-containing basic compounds can be used individually or in combination of two or more thereof. 
The amount of the nitrogen-containing basic compound used is usually from 0.001 to 1 0 mass%, preferably from 0.01 
to 5 mass%, based on the entire solid content of the resist composition of the present invention. That is, the amount 
is preferably 0.001 mass% or more for obtaining a sufficiently high effect by the addition, and preferably 1 0 mass% or 
less in view of sensitivity and developability of the unexposed area. 

[5] Other additives 

[0096] The positive resist composition of the present invention may further contain, if desired, an acid-decomposable 
dissolution-inhibiting compound, a dye, a plasticizer, a photosensitizer, a compound capable of accelerating solubility 
in the developer, and the like. 

[6] Solvent (component C) 

[0097] The resist composition of the present invention is dissolved in a solvent capable of dissolving respective 
components described above and then coated on a support. Preferred examples of the solvent used here include 
ethylene dichloride, cyclohexanone, cyclopentanone, 2-heptanone, y-butyrolactone, methyl ethyl ketone, ethylene gly- 
col monomethyl ether, ethylene glycol monoethyl ether, 2-methoxyethyl acetate, ethylene glycol monoethyl ether ac- 
etate, propylene glycol monomethyl ether (PGME), propylene glycol monomethyl ether acetate (PGMEA), propylene 
carbonate, toluene, ethyl acetate, butyl acetate, methyl lactate, ethyl lactate, methyl methoxypropionate, ethyl ethox- 
ypropionate, methyl pyruvate, ethyl pyruvate, propyl pyruvate, N,N-dimethylformamide, dimethylsulfoxide, N-methyl- 
pyrrolidone and tetrahydrofuran. These solvents are used individually or in combination of two or more thereof. 
[0098] Among these solvents, preferred are propylene glycol monomethyl ether acetate, 2-heptanone, y-butyrolac- 
tone, ethylene glycol monomethyl ether, ethylene glycol monoethyl ether, ethylene glycol monoethyl ether acetate, 
propylene glycol monomethyl ether, propylene glycol monoethyl ether, propylene carbonate, butyl acetate, methyl lac- 
tate, ethyl lactate, methyl methoxypropionate, ethyl ethoxypropionate, N-methylpyrrolidone and tetrahydrofuran. 
[0099] By using the solvent, a resist composition is prepared to a concentration of, in terms of the entire solid con- 
centration of resist components, usually from 3 to 25 mass%, preferably from 5 to 22 mass%, more preferably from 7 
to 20 mass%. 

[0100] In view of in-plane coating uniformity, storage stability, defocus latitude depended on line pitch, development 
defect and the like, a mixed solvent is preferably used. 

[0101] The mixed solvent is preferably a mixed solvent of a solvent of the following Group A and at least one solvent 
selected from Groups B and C, or a mixed solvent of a solvent of Group D and at least one solvent selected from 
Groups E and F. 

Group A: propylene glycol monomethyl ether acetate 
Group B: propylene glycol monomethyl ether, and ethyl lactate 
Group C: y-butyrolactone, and propylene carbonate 
Group D: 2-heptanone 

Group E: propylene glycol monometlryl ether, ethyl lactate, and butyl acetate 
Group F: y-butyrolactone, and propylene carbonate 

[0102] The solvent of Group A and the solvent of Group B are preferably used at a mass ratio (A:B) of 90: 10 to 15: 
85, more preferably from 85:15 to 20:80, still more preferably from 80:20 to 25:75. 

[0103] The solvent of Group A and the solvent of Group C are preferably used at a mass ratio (A:C) of 99.9:0.1 to 
75:25, more preferably from 99:1 to 80:20, still more preferably from 97:3 to 85:15. 

[0104] In the case of combining three solvents of Groups A, B and C, the solvent of Group C is preferably used at 
a mass ratio of 0.1 to 25 mass%, more preferably from 1 to 20 mass%, still more preferably from 3 to 1 7 mass%, based 
on all solvents. 

[0105] In this preferred mixed solvent, other solvent may be added. The amount of such other solvent added is 
generally 30 parts by mass or less per 100 parts by mass of the mixed solvent. 

[0106] The solvent of Group D is usually used in an amount of 30 mass% or more, preferably 40 mass% or more, 
more preferably 50 mass% or more, based on all solvents. 

[0107] The solvent of Group E is usually used in an amount of 5 to 70 mass%, preferably from 10 to 60 mass%, 
more preferably from 15 to 50 mass%, based on all solvents. 

[0108] The solvent of Group F is usually used in an amount of 0.1 to 25 mass%, preferably from 1 to 20 mass%, 
more preferably from 3 to 15 mass%, based on all solvents. 
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[0109] The other solvent is usually used in an amount of 20 mass% or less, preferably 1 0 mass% or less. 
[0110] Specific examples of the combination include the followings: 

propylene glycol monomethyl ether acetate/propylene glycol monomethyl ether, 
5 propylene glycol monomethyl ether acetate/ethyl lactate, 

propylene glycol monomethyl ether acetate/y-butyrolactone, 
propylene glycol monomethyl ether acetate/propylene carbonate, 

propylene glycol monomethyl ether acetate/propylene glycol monomethyl ether/y-butyrolactone, 

propylene glycol monomethyl ether acetate/propylene glycol monomethyl ether/propylene carbonate, 
10 propylene glycol monomethyl ether acetate/ethyl I actate/y-butyro lactone, 

propylene glycol monomethyl ether acetate/ethyl lactate/propylene carbonate, 

2-heptanone/propylene glycol monomethyl ether, 

2-heptanone/ethyl lactate, 

2-heptanone/y-butyrolactone, 
15 2-heptanone/propylene carbonate, 

2-heptanone/propylene glycol monomethyl ether/y-butyrolactone, 

2-heptanone/propylene glycol monomethyl ether/ propylene carbonate, 

2-heptanone/ethyl lactate/y-butyrolactone, and 

2-heptanone/ethyl lactate/propylene carbonate. 

20 

[0111] Also, ethyl lactate/butyl acetate (usually at a mass ratio of 10/90 to 90/10, preferably from 30/70 to 70/30) 
can be used. 

[0112] The positive resist composition of the present invention is coated on a substrate to form a thin film. The 
thickness of this coating film is preferably from 0.2 to 1 .2 
25 [0113] Examples of the substrate which can be used include a normal bare Si substrate, an SOG substrate and a 
substrate having an inorganic antireflection film described below. 

[0114] Also, a commercially available inorganic or organic antireflection film can be used, if desired. 

[0115] The antireflection film which can be used includes an inorganic film type such as titanium, titanium dioxide, 

titanium nitride, chromium oxide, carbon and cc-silicon, and an organic film type comprising a light absorbent and a 

30 polymer material. For forming the former film, equipment such as vacuum vapor deposition apparatus, CVD apparatus 
or sputtering apparatus is necessary. Examples of the organic antireflection film include a film comprising a condensate 
of adiphenylamine derivative and a formaldehyde-modified melamine resin, an alkali-soluble resin and a light absorbent 
described in JP-B-7-69611 (the term "JP-B" as used herein means an "examined Japanese patent publication"), a 
reactant of a maleic anhydride copolymer with a diamine-type light absorbent described in U.S. Patent 5,294,680, a 

35 film containing a resin binder and a methylolmelamine-based thermal crosslinking agent described in JP-A-6-1 1 8631 , 
an acrylic resin-type antireflection film having a carboxylic acid group, an epoxy group and a light-absorbing group 
within the same molecule described in JP-A-6-1 1 8656, a film comprising methylolmelamine and benzophenone-base 
light absorbent described in JP-A-8-871 1 5, and a film obtained by adding a low molecular light absorbent to a polyvinyl 
alcohol resin described in JP-A-8-1 79509. 

40 [0116] In addition, for example, DUV30 series, DUV-40 series and ARC25 produced by BREWER Science, and AC- 
2, AC-3, AR19 and AR20 produced by Shipley may be also used as the organic antireflection film. 
[0117] The resist solution is coated on a substrate (e.g., silicon/silicon dioxide coated substrate) (if desired, on a 
substrate having provided thereon the above-described antireflection film) for use in the production of a precision 
integrated circuit device by an appropriate coating method such as spinner or coater, dried to form a resist film, exposed 

45 through a predetermined mask and preferably after baking, developed, whereby a good resist pattern can be obtained. 
The exposure light is preferably KrF excimer laser light (248 nm), EUV (extreme ultraviolet), X-ray or electron beam. 
[01 1 8] The alkali developer which can be used is an alkaline aqueous solution (usually from 0.1 to 1 0 mass%) of an 
inorganic alkali such as sodium hydroxide, potassium hydroxide, sodium carbonate, sodium silicate, sodium metasil- 
icate and aqueous ammonia, a primary amine such as ethylamine and n-propylamine, a secondary amine such as 

50 diethylamine and di-n-butylamine, a tertiary amine such as triethylamine and methyldiethylamine, an alcohol amine 
such as dimethylethanolamine and triethanolamine, a quaternary ammonium salt such as tetramethylammonium hy- 
droxide and tetraethylammonium hydroxide, and a cyclic amine such as pyrrole and piperidine. This alkaline aqueous 
solution may also be used after adding thereto an appropriate amount of an alcohol or surfactant. 

55 [Examples] 

[0119] The present invention is described in greater detail below by referring to Examples, but the present invention 
is not limited thereto. 
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Synthesis of Resin (4): 

[0120] 4-Acetoxystyrene and 2-methyl-2-adamantyl (a-hydroxymethyl)acrylate were charged at a ratio of 60/40 (by 
mol) and dissolved in propylene glycol monomethyl ether to prepare 450 g of a solution having a solid concentration 
of 22 mass%. To this solution, 8 mol% of polymerization initiator V-601 produced by Wako Pure Chemical Industries, 
Ltd. was added and the resulting solution was added dropwise to 40 g of propylene glycol monomethyl ether heated 
at 80°C, over 4 hours in a nitrogen atmosphere. After the completion of dropwise addition, the reaction solution was 
stirred for 2 hours and after the completion of reaction, the reaction solution was cooled to room temperature and then 
crystallized in 5 L of methanol. The precipitated white powder was collected by filtration and thereto, 500 ml of methanol 
was again added. Thereafter, 10 g of dimethylaminopyridine was added and the resulting solution was stirred under 
heating at 65°C for 5 hours. The reaction solution was neutralized with 1/10 N hydrochloric acid and then crystallized 
in 5 L of distilled water, and the precipitated white powder was collected by filtration and reslurried to recover 50 g of 
the objective Resin (4) which is previously exemplified. 

[0121] The-polymer composition ratio (by mol) determined from NMR was 57/43. The standard polystyrene-reduced 
weight average molecular weight was measured by gel permeation chromatography (GPC) and determined as 9,600. 
[0122] Resins (1 ) to (3), (5) to (7), (9), (1 0), (1 2), (14) to (1 6) and (1 9) each having a composition ratio and a molecular 
weight shown below, which are previously exemplified, were synthesized in the same manner as in the synthesis above. 
In the Table below, the composition ratio of repeating units is in the order of structural formulae from the left. 



Table 1 



Resin 


Repeating Units (molar ratio)* 


Weight Average Molecular Weight 


1 


65/35 


9600 


2 


60/25/15 


12500 


3 


60/15/25 


10500 


4 


57/43 


9600 


5 


15/55/30 


13000 


6 


15/55/30 


12000 


7 


60/30/10 


8000 


9 


70/30 


10000 


10 


55/30/15 


10500 


12 


20/30/50 


11000 


14 


65/15/10/10 


8900 


15 


60/30/10 


11000 


16 


65/25/10 


12000 


19 


60/25/10/5 


10000 



*: In the order of repeating units from the left in the resin exemplified. 



(Preparation and Evaluation of Positive Resist Composition) 
[Example 1] 

[0123] A solution containing respective components shown in Example 1 of Table 2 was prepared and then micro- 
filtered through a membrane filter having an opening size of 0.1 jum, and the resulting solution was coated on a 6-inch 
silicon wafer by using a spin coater Mark 8 manufactured by Tokyo Electron Ltd. and then baked at 110°C for 90 
seconds to obtain a 0.30 jum-thick resist film. 

(2) Production and Evaluation of Positive Resist Pattern 

[0124] This resist film was irradiated with electron beams by using an electron beam image-drawing device (HL750, 
manufactured by Hitachi Ltd., accelerating voltage: 50 KeV). After the irradiation, the resist film was baked at 110°C 
for 90 seconds, dipped in an aqueous 2.38 mass% tetramethylammonium hydroxide (TMAH) solution for 60 seconds, 
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rinsed with water for 30 seconds and then dried. The obtained pattern was evaluated by the following methods. 
(2-1) Sensitivity 

[0125] The cross-sectional profile of the pattern obtained was observed by using a scanning electron microscope 
(S-4300, manufactured by Hitachi, Ltd.). The minimum irradiation energy when resolving a 0.15-jum line (line : space 
= 1:1) was defined as the sensitivity. 

(2-2) Resolution 

[0126] The limiting resolution (line and space were separated and resolved) at the irradiation dosage of giving the 
above-described sensitivity was defined as the resolution. 

(2-3) Pattern Profile 

[0127] The cross-sectional profile of a 0.15 jim-line pattern at the irradiation dosage of giving the above-described 
sensitivity was observed by using a scanning electron microscope (S-4300, manufactured by Hitachi, Ltd.) and eval- 
uated on a three-stage scale of "rectangular", "slightly tapered" and "tapered". 

(2-4) Line Edge Roughness 

[0128] The resist composition prepared above was coated on a silicon wafer and then baked at 110°C for 60 seconds 
to provide a film having a thickness of 1 50 nm. 

[0129] The thus-obtained wafer was exposed by using an electron beam direct image-drawing device (50 KeV) while 
changing the exposure amount, then heated at 130°C for 90 seconds in a clean room, developed with a tetramethyl- 
ammonium hydroxide developer (2.38 mass%) for 60 seconds, rinsed with distilled water, and dried to obtain a pattern. 
[0130] With respecttothe region of 5 |um from the edge in the longitudinal direction of the 120-nm line pattern obtained 
by the electron beam image-drawing, the distance from a reference line where the edge should be present was meas- 
ured at 50 points by length measuring SEM (S-9220, manufactured by Hitachi, Ltd.), and a standard deviation was 
determined to calculate 3a. A smaller value reveals a higher performance. 

[Examples 2 to 14 and Comparative Examples 1 and 2] 

[0131] By using respective components shown in Table 2, each pattern was formed and evaluated in the same 
manner as in Example 1 through preparation, coating and electron beam irradiation of the resist. 
[0132] In Comparative Example 1, a hydroxystyrene/2-methyl-2-adamantyl acrylate copolymer (copolymerization 
ratio: 57/43 (by mol), weight average molecular weight: 9,600) was used as Resin R1. 
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[0133] The symbols for components in Table 2 indicate the followings. 

[0134] Incidentally, the resins and photoacid generators are previously exemplified. 

[Surfactant] 

[0135] 

1: Megafac F176 (produced by Dainippon Ink & Chemicals, Inc.) (fluorine-containing surfactant) 

2: Megafac R08 ((produced by Dainippon Ink & Chemicals, Inc.) (fluorine/silicon-containing surfactant) 

3: polysiloxane polymer KP-341 (produced by Shin-Etsu Chemical Co., Ltd.) 

4: polyoxyethylenenonylphenyl ether 

5: Troysol S-366 (produced by Troy Chemical) 

[Basic Compound] 

[0136] 

E1: N,N-diethylaniline 

E2: N,N-bis(hydroxyethyl)aniline 

E3: trioctylamine 

E4: triphenylimidazole 

E5: antipyrine 

E6: 2,6-diisopropylaniline 

[Solvent] 

[0137] 

S1 : propylene glycol monomethyl ether acetate 
S2: propylene glycol monomethyl ether 

S3: Y" DUt y rolactone 
S4: ethyl lactate 
S5: butyl acetate 
S6: 2-heptanone 
S7: cyclohexanone 

[0138] As apparent from the results in Table 2, the composition of the present invention is excellent in various prop- 
erties. 

[0139] This application is based on Japanese patent application JP 2004-1 661 3, filed on January 26, 2004, the entire 
content of which is hereby incorporated by reference, the same as if set forth at length. 



Claims 

1. A positive resist composition comprising: 

(A) a resin comprising a repeating unit represented by formula (I) and a repeating unit represented by formula 
(II), the resin increasing the dissolution rate in an alkali developer by the action of an acid; 

(B) a compound capable of generating an acid upon irradiation with actinic rays or radiation; and 

(C) a solvent: 
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-f-CH 2 - 

0 = 



x- 



o 



CH, 



(i) 



wherein R 1 represents a hydrogen atom or a hydrocarbon group, R 2 represents a hydrocarbon group, and X 
represents a single bond or a carbonyl group; 




:id 



wherein R 3 represents a hydrogen atom, a methyl group or a halogen atom, and R 4 represents a hydrogen 
atom or a hydrocarbon group which may have a heteroatom, 

provided that at least one of R 2 and R 4 is a group capable of decomposing by the action of an acid. 

The positive resist composition as claimed in claim 1 , wherein R 2 in formula (I) is any one of the following formulae 
(pl)to(pV): 



•11 



Z' 



(pi) 



12 



•C— R 



13 



K 1A 



(pii: 
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(PHI) 



(pIV) 



(pV) 



wherein represents a methyl group, an ethyl group, an n-propyl group, an isopropyl group, an n-butyl group, 
an isobutyl group or a sec-butyl group, 

Z represents an atomic group necessary for forming an alicyclic hydrocarbon group together with the carbon 

atom, 

R 12 to R 16 each independently represents a linear or branched alkyl group having from 1 to 4 carbon atoms 
or an alicyclic hydrocarbon group, provided that at least one of R 12 to R 14 and either one of R 15 and R 16 represent 
an alicyclic hydrocarbon group, 

R 17 to R 21 each independently represents a hydrogen atom, a linear or branched alkyl group having from 1 
to 4 carbon atoms or an alicyclic hydrocarbon group, provided that at least one of R 17 to R 21 represents an alicyclic 
hydrocarbon group and that either one of R 19 and R 21 represents a linear or branched alkyl group having from 1 
to 4 carbon atoms or an alicyclic hydrocarbon group, 

R 22 to R 25 each independently represents a linear or branched alkyl group having from 1 to 4 carbon atoms 
or an alicyclic hydrocarbon group, provided that at least one of R 22 to R 25 represents an alicyclic hydrocarbon 
group, and R 23 and R 24 may combine with each other to form a ring. 

The positive resist composition as claimed in claim 1 , wherein R 4 in the formula (II) is a group represented by the 
following formula (A): 



H 



-c — o- 



(A) 



wherein L represents a hydrogen atom, an alkyl group, a cycloalkyl group or an aralkyl group, Z represents an 
alkyl group, a cycloalkyl group, an aralkyl group or an aryl group, and Z and L may combine with each other to 
form a 5-or 6-membered ring. 

The positive resist composition as claimed in claim 3, wherein Z in the formula (A) represents a cycloalkyl group, 
an aralkyl group, or an alkyl group having a cyclic carbon structure as a substituent. 

The positive resist composition as claimed in claim 1, wherein R 4 in the formula (II) is a tertiary alkoxycarbonyl 
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group, a tertiary alkoxycarbonyl alkyl group, a tertiary alkyl group or a group represented by the following formula 
(B): 




C — O — W — Y R 7 (B) 

I 

wherein R 5 and R 6 each independently represents a hydrogen atom or an alkyl group, R 7 represents an alkyl 
group, a cycloalkyl group, an aryl group or an aralkyl group, W represents a single bond or a divalent organic 
group, and Y represents a single bond, -O-, -C0 2 -, -OCO-, -CO-, -S- or -S0 2 -. 

6. The positive resist composition as claimed in claim 1 , wherein the substitution position of -OR 4 in the formula (II) 
is the para-position of the benzene ring. 

7. The positive resist composition as claimed in claim 1 , wherein the resin (A) further comprises a polyhydroxystyrene 
repeating unit. 

8. The positive resist composition as claimed in claim 1 , wherein when -COOR 2 in formula (I) is an acid-decomposable 
group, R 4 in formula (II) is a hydrogen atom. 

9. The positive resist composition as claimed in claim 1 , wherein when -OR 4 in formula (II) is an acid-decomposable 
group, the resin (A) further comprises a polyhydroxystyrene repeating unit. 

10. The positive resist composition as claimed in claim 1, wherein the solvent (C) is a mixed solvent containing a 
solvent of the following Group A and at least one solvent selected from the following Groups B and C: 

Group A: propylene glycol monomethyl ether acetate, 

Group B: propylene glycol monomethyl ether, and ethyl lactate, 

Group C: y-butyrolactone, and propylene carbonate. 

11. The positive resist composition as claimed in claim 1, wherein the solvent (C) is a mixed solvent containing a 
solvent of the following Group D and at least one solvent selected from the following Groups E and F: 

Group D: 2-heptanone, 

Group E: propylene glycol monomethyl ether, ethyl lactate, and butyl acetate, 
Group F: y-butyrolactone, and propylene carbonate. 

12. The positive resist composition as claimed in claim 1, which further comprises (D) a surfactant. 

13. The positive resist composition as claimed in claim 1 , which further comprises (E) an organic basic compound. 

14. A pattern formation method comprising: forming a resist film from the positive resist composition claimed in claim 
1 ; irradiating electron beam, X-ray or EUVon said resist film; and developing said resist film with an alkali developer. 
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